Growth hormone deficiency (GHD) syndrome is associated with adverse levels of several risk factors for cardiovascular diseases (CVD), including metabolic inflammation. However, the impact of GHD and GH treatment on low-grade inflammation is unknown. The aim of the study was to establish the level of the low-grade inflammation biomarker soluble urokinase plasminogen activator receptor (suPAR) in adults with GHD and the response to long-term GH treatment. Measurements of suPAR and CRP were performed in bio-bank serum samples from 72 adults, 34 males and 38 females, with GHD before and during at least 5 years of GH treatment. Mean age was 52.5 ± 15.5 years, BMI 27.3 ± 5 kg/m 2 . Clinical evaluations and blood sampling were performed at routine visits. Data on demography, anthropometry, lab results and clinical events were retrieved from post-marketing surveillance study databases and medical records. suPAR and high-sensitive (hs) CRP were analysed using ELISA and immunochemistry, respectively. At baseline blood pressure, lipid profile and fasting glucose were within the normal reference range. Baseline geometric mean and 95% CI of suPAR was 2.9 (2.7-3.3) ng/mL and of CRP 2.3 (0.6-4.0) mg/L. Mean follow-up was 8 ± 2 years. The suPAR levels remained stable during follow-up, although individual increases were seen on occurrence or presence of co-morbidities. In contrast, levels of CRP decreased. In conclusion, the decrease in CRP and indirectly the absence of an expected increase in suPAR over time indicates a favourable effect of GH on low-grade inflammation.
Introduction
The adult growth hormone (GH) deficiency (GHD) syndrome includes unfavourable levels of several wellknown risk factors for cardiovascular disease (CVD), such as adverse body composition, cholesterol levels and inflammatory markers (1, 2, 3, 4, 5, 6). In accordance, previous epidemiological studies found an increased mortality in GHD, particularly for CVD (7, 8, 9) . However, this was less clear from more recent studies (10, 11) . C Höybye et al. suPAR in adults with GHD 773 8: 6 and pathological pathways including cell signalling, cell migration, immune response, angiogenesis and fibrinolysis (15, 16) . Binding of uPA to uPAR facilitates cleavage and generation of soluble uPAR (suPAR). suPAR positively correlates to the activation of the inflammatory and immune systems and is present in blood, urine and cerebrospinal fluid (15, 16) . Elevated levels of suPAR have been associated with poor clinical outcomes of a number of infectious diseases and cancers (17, 18, 19, 20, 21, 22) . Furthermore, suPAR has also been shown to be prognostic for development of cancer, CVD and type 2 diabetes as well as mortality in the general population (23, 24) . Finally, suPAR has been shown to be a marker for development of renal insufficiency (25) . suPAR is anticipated to reflect inflammation on the cellular level (24) .
The impact of GHD and GH treatment on low-grade inflammation and the level of suPAR in patients with GHD are unknown. The primary aim of this study was to establish baseline suPAR levels in a cohort of adults with GHD. The secondary aims were to measure suPAR during long-term GH treatment and clinical events.
Materials and methods
The study was approved by the Ethical Committee in Stockholm (Dnr 2016/169-3), and no study-related activity was performed before achievement of the patients' consent.
In patients with confirmed GHD treated with GH during 1995-2010 serum was sampled for bio-bank storage at the patient's routine visits to the clinic. Based on availability of bio-bank samples for at least 5 years of GH treatment, a cohort of 72 patients with GHD was identified.
Twenty-nine patients had previously been treated for non-functioning pituitary adenomas (NFPA); four patients for GH producing adenoma, five patients for ACTH producing adenoma, seven for prolactinoma, four patients for craniopharyngeoma and 23 for other diseases in the area (meningioma (N = 7), idiopathic hypopituitarism (N = 6), hypophysitis (N = 3), empty sella (N = 3), opticus glioma (N = 2), Ratkes cyst (N = 1), traumatic brain injury (N = 1)). The patients had been treated with pituitary surgery, fractionated radiotherapy, Gamma knife radiosurgery and pharmacological treatments and they were all cured or in remission for their pituitary disease.
Nine patients had no other pituitary deficiencies than GHD, 19 had one pituitary deficiency in addition to GHD, 11 had two additional deficiencies, 31 had three additional deficiencies and 2 had four additional deficiencies. Replacements for other pituitary deficiencies than GHD were stable since many years.
Thirteen patients received treatment for hypertension, three for hypercholesterolemia and two for diabetes mellitus type 2. Two patients had chronic ischaemic heart disease and one patient previously had an acute myocardial infarction. All but one patient had normal kidney function. Several patients were on pain-relieving and anti-depressive medication.
All patients had confirmed GHD according to consensus guidelines. The patients were treated once daily with subcutaneous injection of GH at bedtime. Doses were individually titrated to insulin-like growth factor I (IGF-I) levels in age-matched healthy subjects. Clinical examinations and sampling of fasting routine blood tests were performed at scheduled visits to the clinic and in addition 2 mL serum was stored in a bio-bank (at −70°C).
The patients were enrolled in two post-marketing observational databases of GH treatment in adults with GHD, NordiNet (NovoNordisk) and KIMS (Pfizer). Data on demography (age at baseline, gender, smoking), weight, BMI, waist circumference, waist/hip ratio, blood pressure, fasting blood glucose, HbA1C, total, LDL and HDL cholesterol, triglycerides, IGF-I, concomitant medication, clinical events and co-morbidities were retrieved from the databases and the patients' medical records at baseline and during GH treatment.
In serum samples from the bio-bank two markers for low-grade inflammation, suPAR and high-sensitive C-reactive protein (hsCRP), were analysed before and after approximately 1, 3, 6 and 12 months of GH treatment and thereafter once yearly.
For a more detailed evaluation the cohort was divided into three groups; one group of patients who did not develop CVD (cerebral infarction, ischaemic heart disease) or tumours (benign and malign) during follow-up (N = 57), one group who developed CVD (N = 8) and one group who developed tumours (N = 7).
Anthropometric methods
Physical examination included measurements of height, weight, waist and hip. Waist and hip were measured in standing position. Waist circumference was measured halfway between the costal edge and iliac crest and cutoff points for obesity were set to 88 cm in female and 102 cm in male patients. Hip was measured at the greatest circumference and waist-to-hip (WH) ratio above 0.85 in female and 1.0 in male patients defined obesity. 
Assays
Fasting blood glucose was determined by the glucose oxidase method using a standard glucose analyzer (YSI, Inc., Yellow Springs, OH, USA). Normal fasting blood glucose <6.1 mmol/L. HbA 1C was analysed using the Mono-S method and IFCC, normal HbA1C <42 mmol/L. Results from the Mono-S method were converted to mmol/mol. Serum cholesterol and triglycerides were measured with colorimetric methods (Vitos 900) and high-density lipoprotein (HDL) with direct calorimetry (Hitachi 911). LDL cholesterol concentration was calculated according to Friedewald's formula. Serum IGF-I levels were measured using a solid-phase, enzyme-labelled chemiluminescent immunometric assay (IMMULITE 2000, Siemens). Age-and gender-specific reference ranges were used to determine IGF-I SDS.
Serum (S) suPAR was analysed using a commercial suPARnostic ELISA assay (ViroGates, Copenhagen, Denmark). All samples were analysed for S-suPAR at the same time and in the same batch with an interassay coefficient of variation of 9.9%. S-suPAR has been shown to be stable in frozen samples, also after long-term storage. Based on previously reported S-suPAR levels (24), we set S-suPAR <3 ng/mL in both genders as normal and >4.0 ng/mL as high risk for other diseases, including CVD and development of tumours.
Serum hsCRP was analysed with immunochemistry, Cobas 8000, Roche Diagnostics. Normal levels <3 mg/L.
Statistical analysis
Baseline demographics, height and weight, BMI, waist, hip, waist/hip ratio, blood pressure and lab-data are presented as mean ± s.d., except suPAR and CRP which are presented as geometric mean and 95% CI. Clinical events and co-morbidities were summarised but not statistically evaluated. Data were non-normally distributed and non-parametric tests (Mann-Whitney and Kruskal-Wallis tests) were used for statistical analyses within and between groups. Correlations at baseline were calculated between suPAR levels and all other variables by using Spearman's correlation test. Significance value was set at P < 0.05.
Results

Baseline
Total cohort
Gender distribution was similar: 34 (47%) male patients and 38 (53%) female patients. Ten patients were smoking. Mean age was 52.5 ± 15.5 years. IGF-I standard deviation score (SDS) was −1.99 ± 0.24. Baseline anthropometric and biomarker measurements are shown in Table 1 . In addition, waist circumference was 96.5 ± 12 cm, waist/hip ratio 0.93 ± 0.06, fasting glucose 4.6 ± 0.9 mmol/L, total cholesterol 5.4 ± 1.1 mmol/L, high-density lipoprotein (HDL) cholesterol 1.3 ± 0.4 mmol/L and triglyceride 1.7 ± 1.1 mmol/L.
At baseline geometric mean suPAR in the total cohort was 2.9 ng/mL (2.7-3.3), >3 ng/mL in 28 patients, >4 ng/mL in 14 patients and >5 ng/mL in 4 patients. Out of these four patients one patient with small-vessel vasculitis had a level of 6.2 ng/mL, one patient with chronic ischaemic heart disease had a level of 5.9 ng/mL, one patient with tonsillitis had a level of 6.7 ng/mL and one patient with renal insufficiency had a level of 5.4 ng/mL. Among the other 24 patients with suPAR >3.0 ng/mL, six patients had hypertension and hypercholesterolemia, three patients with various inflammatory diseases, while no particular co-morbidity could be identified in 15 patients.
The geometric mean for CRP was 2.3 mg/L (0.6-4.0), and was >3 mg/L in 18 patients.
No correlations between suPAR and the variables displayed in Table 1 were seen, except for CRP (P = 0.01). No gender or age differences in baseline data were observed (data not shown). Correlation between suPAR and IGF-I was not significant (P = 0.15).
Sub-group analyses
Baseline data for the three subgroups are displayed in Table 2 . The groups did not differ in age, BMI, blood pressure, HbA1C, LDL cholesterol or suPAR levels. On the other hand, CRP was higher in patients who developed CVD. Three out of the eight patients who developed CVD had baseline suPAR >3 ng/mL, four out of the seven patients who developed tumours had baseline suPAR >3 ng/mL.
GH treatment period
Total cohort
The mean duration of follow-up during GH treatment was 8 ± 2 years. GH treatment generated an increase in IGF-I and blood glucose (P = 0.001 and P = 0.003 respectively). No other changes were observed except for a decrease in LDL cholesterol in female patients (P = 0.002), which was also the only gender difference found. No change in suPAR was observed during GH treatment (P = 0.36, Fig. 1 ). There was no correlation between IGF-I and suPAR at one or 5 years of GH treatment (data not shown). In contrast, CRP decreased during follow-up (P = 0.018).
Several clinical events happened during the GH treatment period; however, most of them outside the scheduled visits and most were not severe. The most frequently reported events were various unspecific muscular-skeletal problems which were reported 18 times. Upper airway infections were reported 13 times and problems from the gastrointestinal tract were reported 16 times, problems from the lower respiratory tract were reported 7 times. One patient had cerebral infarction, one TIA (transient ischaemic attack), two had acute myocardial infarction, two developed cardiac insufficiency, one developed angina pectoris and one patient AV block 3. These eight events happened beyond 5 years of GH treatment. Another three patients had re-growth of their pituitary tumour, two developed meningioma, one developed myelofibrosis and one lung cancer. Sub-group analyses BMI, blood pressure, HbA1C and LDL cholesterol did not differ within or between the three groups at 1 and 5 years of GH treatment (data not shown). suPAR was also unchanged within and between the three subgroups at 1 or 5 years of GH treatment (Table 3) , but a nonsignificant increase over time was noted in patients who developed tumours. CRP decreased in patients who did not develop CVD or tumours (P = 0.043), while it was unchanged in patients who developed CVD (P = 0.677) or tumours (P = 0.685).
suPAR is a stable biomarker over time
To test the stability of suPAR over time, we carried out a correlation analysis of baseline and 5-year suPAR (Fig. 2) . Pearson correlation analysis showed a coefficient of 0.63 (CI = 0.45-0.76, P < 0.001). With regard to CRP, baseline and 5-year CRP measurements were available in 59 patients. The correlation coefficient was 0.19, which was not significant.
Discussion
In this study of 72 patients with GHD, GH treatment led to an increase in IGF-I, in blood glucose and in female patients a decrease in LDL cholesterol. The lowgrade inflammatory biomarker suPAR did not change during long-term GH treatment, whereas a decrease was seen in CRP. Individual increases in suPAR were seen on occurrence or presence of co-morbidities, but no differences were observed between the eight patients who developed CVD, the seven patients who developed tumours or the 57 patients who did not develop these diseases. On the other hand, a decrease in CRP was seen in the group of patients who did not develop CVD or tumours.
It is well documented that GH replacement in adults with GHD improves body composition by increasing muscle mass and reducing body fat, in particular, the abdominal and visceral fat (1, 2, 3, 5, 7, 12, 13, 14, 26). At baseline our patients were overweight and no changes in anthropometric variables were observed during GH treatment. Similar to other studies we found no associations between suPAR and anthropometric variables probably because the patients were not severely obese (24) . This supports the previous statement that suPAR reflects inflammation on the cellular level and CRP metabolic inflammation (24) . In contrast to previous Baseline suPAR (ng/ml) 5 year suPAR (ng/ml)
Figure 2
Correlation between baseline and 5-year soluble urokinase plasminogen activator receptor (suPAR) measurements in 72 adults with growth hormone (GH) deficiency. Baseline suPAR 2.8 (2.7-3.3) 3.0 (2.2-4.2) 3.2 (2.7-3.9) 1 year suPAR 2.7 (2.5-3.1) 3.0 (2.6-4.0) 3.1 (2.6-4.0) 5 years suPAR 2.6 (2.5-3.1) 3.0 (2.5-3.9) 3.4 (2.9-4.3) Baseline No significant changes were seen for suPAR over time from baseline to 5 years of GH treatment in any of the groups. A significant increase in CRP was seen in the group who developed CVD (P = 0.043), whereas no changes were seen in the other two groups.
C
observations (24), we did not find a positive correlation between age and suPAR level probably because of the heterogeneity of our study population.
Adults with GHD often have impaired glucose tolerance or diabetes type 2, usually attributed to the concomitant visceral adiposity, and conflicting results with both an increase and a decrease have been reported during GH treatment (12, 26, 27) . At baseline, glucose levels as well as HbA1C were within the normal range for healthy individuals and as expected we observed an increase in blood glucose within normal range during GH treatment. Two patients already had diabetes at baseline, but none of the other patients developed diabetes during GH treatment. No association between suPAR and glucose or HbA1C was observed.
In GHD, elevated total cholesterol has been reported in both genders as well as increased concentrations of LDL cholesterol and triglycerides (3, 4, 27) . GH treatment has beneficial effects on circulating lipids, for a decrease in total and LDL cholesterol, while changes in HDL and triglycerides are inconsistent (27) . In our cohort baseline lipid profile was within the normal reference for healthy individuals and did not change during GH treatment, although the expected decrease in LDL cholesterol was seen in female patients. Throughout the study, blood pressure was normal, including patients on antihypertensive treatment. We did not find an association between suPAR and lipid profile or blood pressure.
In patients with GHD some studies have shown elevation of the inflammatory markers CRP, IL-6 and TNF-alpha (28, 29, 30, 31) , which are markers associated with an increased risk of CVD in the general population. The reported effects of GH treatment on these inflammatory markers have varied in previous reports. In line with some studies, we observed a reduction in CRP (6, 28) ; however, this was not reported in another study (30) . In other studies, no effect on IL-6 during GH treatment was noticed (6, 28) , whereas a decrease was reported in another (30) .
suPAR increases during progression of several diseases and decreases during improvement but is sustained at an elevated level longer than CRP (32) . Multiple studies in different patient populations have shown that elevated levels of suPAR are associated with increased morbidity and mortality. Furthermore, it has recently been shown that treatment with low-dose GH in patients with HIV non-significantly decreased suPAR levels (33) . In the present cohort, mean suPAR did not change as a result of initiation of GH treatment and did not change during more than 5 years of GH treatment. This could be interpreted as a beneficial effect of GH treatment as an agerelated in suPAR over 5 years would have been expected (24, 34) . However, due to lack of controls in the current study, further studies comparing GHD patients on GH treatment to healthy controls is needed to confirm this potential effect. A rise in suPAR levels was documented in patients where blood was sampled in close proximity to clinical events. Some patients with chronic co-morbidities also displayed higher suPAR levels. At 1 and 5 years of GH treatment we did not observe any differences in suPAR or CRP levels between patients who did and did not develop CVD. The pharmacological treatment of hypertension, diabetes and hypercholesterolemia might indirectly have inhibited progression of inflammation and reduced the total risk for CVD. In the group of patients who developed tumours suPAR albeit non-significantly increased but the number of patients was too small to make firm conclusions in line with previous observations. Another explanation could be that only two patients developed cancers, while the others developed benign tumours which might have a weaker effect on suPAR.
The strength of this study is the long follow-up and careful prospective sampling of serum during GH treatment. A control group was not established as the serum samples were collected many years ago and only from patients with GHD, which made it difficult to identify a proper control group as of today. In some other published studies, results were reported in plasma samples where suPAR levels are lower which made direct comparison difficult. Another limitation of the study is that the bio-bank serum was sampled at routine, scheduled visits to the clinic and not sampled when a clinical event actually occurred. Also, patients were included based on availability of serum samples for at least 5 years of GH treatment, which probably selected a cohort of healthier and compliant survivors. Moreover, it is a limitation that the age range was wide and that only few patients developed CVD and tumours. In experimental studies, it has been reported that activation of plasminogen to plasmin by uPA may dissociate IGF-I from IGFBP complexes (35) , and it can be speculated if measurement of free IGF-I and IGF-binding protein 3 (IGF-BP3) could have led to different results. However, in the clinical situation, IGF-I is the best marker to reflect GH's effect in various tissues (36) and measurements of free/bioactive IGF-I or IGF-binding proteins of limited clinical value. Furthermore, anthropometry and metabolic measures remained stable and the patients were their own controls and measurements of free IGF-I and IGFBP3 would not be expected to impact the results. In summary, no changes in suPAR levels were observed during long-term GH treatment. Increased suPAR levels were associated with occurrence or presence of co-morbidities, but routine measurements were not higher in patients who developed CVD or tumours. In addition, CRP decreased over time. Altogether, our results suggest favourable effects of GH treatment on low-grade inflammation.
